Abstract: Malta has recently embarked on a new research and innovation (R&I) plan called the National Research and Innovation Strategy 2020. A large part of this strategy was to engage in smart specialisation efforts to determine where best to allocate the country's limited R&I funds. One of the areas highlighted was aquaculture. The purpose of this research paper is to examine, using bibliometrics, where the science and technological frontiers are in aquaculture. Our findings are, not surprisingly, that Malta plays a somewhat minor role in these current efforts. However, we also uncover areas currently being researched that might prove valuable to the Maltese efforts in aquaculture.
Introduction
Smart specialisation is an innovation policy concept that emphasises the principle of prioritisation in a vertical logic and defines a method to identify desirable areas for innovation policy intervention (Foray and Goenega, 2013) . It is not a planning doctrine, but seeks to have robust and transparent methods to identify activities, at a regional level, that will lead to new technological and market opportunities. One of the keys to smart specialisation is that regions, or even small countries as in the case of Malta, must take risks in how they move their innovation efforts forward. Funding horizontally requires too much funding for many times too few results. This is particularly true for a small country such as Malta that has a young research and innovation system (R&I) and very limited resources. In its National Research and Innovation Strategy for 2020, the government states that "Malta needs to balance the establishment of a fully-fledged R&I system with the need to focus its resources on a reduced set of priority niche areas selected on the basis of unique selling points and indigenous strengths" (Malta Council for Science and Technology & Ministry for Education and Employment, 2013) . One of the areas that Malta has chosen is aquaculture. The purpose of this paper is to examine, using bibliometric methods, where the frontier of aquaculture science and technology efforts are and how Malta might better participate in those efforts.
Previous bibliometric research on aquaculture
Recently, Natale et al. (2012) conducted a comprehensive bibliometric analysis of the aquaculture literature published in Scopus for the period 2000 to May 2011. They extracted 14,308 articles and conference papers. Their findings included that the top source journals were Aquaculture, Aquaculture Research, and the Journal of World Aquaculture Society. In addition, the top three countries were the USA, China, and the UK. More importantly, they found that the largest research fronts were in probiotics, benthic sediments, geonomics, integrated aquaculture and water treatment.
Malta and aquaculture
Malta has a limited coastline, only part of which is suitable for aquaculture. In addition, since Malta has no freshwater resources, all aquaculture activities in Malta are marinebased. The internal market for fish in Malta is limited and aquaculture products are generally exported. Finally, due to the relatively small current size of the industry, almost all equipment, feeds and juvenile fish are imported (Stirling Aquaculture, 2012) .
The Maltese aquaculture industry has two sectors: tuna penning, which relies on captured wild fish, and farming of 'closed cycle species' such as sea bream and sea bass. At the industry peak, Malta was the largest producer of tuna in the Mediterranean, aided by its favourable position on tuna migratory routes and expertise in offshore aquaculture (Stirling Aquaculture, 2012) .
Research and development in aquaculture in Malta is carried out mainly at the government run Malta Aquaculture Research Centre (MARC), at Fort St. Lucjan, Marsaxlokk. Much of the applied research activity is focused on the development of 'new species' for aquaculture in Malta. However, MARC employs only about seven staff members of which only three are active researchers (Stirling Aquaculture, 2012) . There is some coverage of aquaculture at the University of Malta, although it is not one of its primary research foci. This very limited amount of research effort suggests that Malta must be very strategic in its choices of where its research funds will be focused.
Bibliometrics and search strategy
Briefly, bibliometrics is the collection, the handling and the analysis of quantitative bibliographic data, derived typically from scientific publications and patents. While the term 'bibliometrics' is rather recent dating back to the late 1960's, the field itself has roots reaching back at least 80 years (Lotka, 1926) . Since the databases of the Institute for Scientific Information (ISI), based in Philadelphia, PA, became available, there have been many large-scale analyses of publication and citation structures (for a review, see Gmur, 2003) . The mere existence of a citation (whether used in a positive or negative sense) is taken as a measure for the significance allocated to the reference or its author in the relevant article. A citation is taken to be a valid and reliable indicator of scientific communication (Small, 1978; Garfield, 1979) and a basis for the identification of 'invisible colleges', i.e., research networks that refer to each other in their research papers without being linked by formal organisational ties (de Solla Price, 1965; Crane, 1972) . Co-citation analysis enables the identification of groups of scientists and their publications, and for conclusions to be drawn about the inner structure of research disciplines, schools, or paradigms (Small, 1980) . A co-citation is taken to exist if two references or authors appear in the same bibliography. It is interpreted as a measure for similarity of content of the two references or authors. The number of co-citations determines the proximity of any two publications in terms of content, and is generally used to uncover invisible colleges. Using block modelling of data from a sociometric questionnaire, Mullins et al. (1977) have shown that the co-citational structure of a research field is a fair representation of how it is perceived by its members. McCain (1986) confirmed these findings.
Historically, the most important database for bibliometric analyses was the Science Citation Index (SCI) produced by the ISI (now Thomson Reuters). The SCI covers all publications and corresponding citations from over 8500 professional journals, which constitute the core of the international scientific serial literature (Moed, 2009 ). The subject coverage has been expanded from the initial SCI to include the Social Science Citation Index (SSCI), the Arts and Humanities Index (A&HCI), and, more recently, books. All three databases are now available from Thomson Reuter's Web of Science (WofS), and this was the source for the publication data for this study.
We conducted a search of the WofS for the period January, 2000 to January, 2015. Our search terms were 'aquaculture' and 'Mediterranean'. We limited the search to those articles that specifically centred on the Mediterranean as aquaculture issues vary greatly worldwide and we felt it appropriate to focus on those papers dealing with issues most applicable to Malta. Our search yielded 585 research articles for the time period. We downloaded the article information and the cited references for all of them. The citations and co-citations were tabulated with the aid of the bibliometric analysis package Bibexcel as available from Olle Persson (Persson, 2009) .
Next, we conducted a search of the United State Patent and Trademark Organization (USPTO) database for the same years, 2000 to 2015. We utilised the USPTO database as it provides the capability to conduct citation analysis which is not readily available from other patent databases. Also, most important patents worldwide are filed with the USPTO as the USA constitutes the largest economic market in the world. Our search term for this was only 'aquaculture' as something that is patentable might very well have worldwide applications. Our search yielded 184 patents. Figure 1 illustrates quite clearly that the research interest in Mediterranean aquaculture has expanded in this millennium. Publications increased from 12 in 2000 to 72 in 2014, the most recent complete year. Additionally, with the increase in publications comes an increase in citations as exhibited in Figure 2 . Finally, Table 1 shows the top 10 most highly cited publications for the period. From the titles alone, many of these might have value as Malta develops its aquaculture industry.
Results
Our next level of analysis concerns generating co-citation matrixes that can be plotted. Again, explained briefly, co-citation analysis involves tracking pairs of journals, authors, and papers that are cited together in the source articles. When the same pairs are co-cited with others, then degrees of association and research clusters begin to form. To analyse our publication data, we developed co-citation matrixes, normalised via Salter's cosine (Leydesdorff, 2008) , and using Bibexcel we then adopted a social network analysis (SNA) approach. SNA is an analytical tool that reveals the number of interactions and, consequently, the closeness of the relationships between nodes within a network. It produces diagrammatical representations of the relative distance between nodes, and illustrates structural patterns and differing positions within the network. The SNA graphing program Pajek was used to examine the co-citation matrixes (De Nooy et al., 2005) . Figure 3 provides a mapping of the countries of origin for the most cited articles. Clearly, Spain, Italy, and Greece are most prominent. It is also apparent that Malta plays a relatively minor role in this research area. Of course, this is not surprising given Malta's overall size and the very few researchers it has dedicated to aquaculture research. However, what the map does provide are target countries to whom the Maltese researchers should approach for possible joint research efforts. Figure 4 makes use of the VOS viewer program which provides a density map based on the citations (Van Eck and Waltman, 2010) . Again, Spain, Italy, and Greece are most prominent, but the differences in colours illustrate the degree to which they dominate. Figure 5 illustrates the map of the corpus of the abstracts in the aquaculture research. Not surprisingly, 'fish' is the largest but there are other areas of interest for Malta including: fish farms, environmental impact, and sea bream. This suggests that there are current areas of research that might prove beneficial to the Maltese aquaculture efforts. Next, our bibliometric analyses move to the technology area by examining the US patents associated with aquaculture. Of the 184 patents during our observation period, 83 were from the USA (see Table 2 ). In fact, the only Mediterranean country represented was Israel. In terms of companies, not surprisingly, US companies dominate, but there are representatives from Belgium, Canada, and the Netherlands (see Table 3 ). Table 2 Patents by country of origin (USPTO)
Country Number
USA 83
Canada 11
Germany 7 Israel 6
Belgium 6
Taiwan 4
Chile 4
Norway 3 Australia 3 UK 2 Subsequently, we move to a look at the most highly cited patents. Previous research (Hall et al., 2005) has documented how more highly cited patents tend to have higher economic value. In our examination, a US firm, Martek Biosciences, heads the list, but a Swedish firm, Greenfish AB, also holds a prominent position (see Table 4 ). Finally, other previous research using patents (Deng et al., 1999) has found that the number of non-patent references (typically, science references) is also a measure of a patent's value. In Table 5 , a Dutch firm leads the way with 640 non-patent references. 
Conclusion and implications
The purpose of this research effort was to provide an overview of aquaculture research as it pertains to Malta. Since Malta's smart specialisation efforts have highlighted aquaculture as a future economic engine, we believe our findings may inform both basic and applied efforts. While Malta conducts a very modest amount of both scientific and technological research, there is much of both being done that Malta might incorporate into its efforts. Part of the smart specialisation model focuses on improving the ongoing research efforts in a certain area as well as looking for natural spillovers. By having a better insight into the current aquaculture research, the Maltese aquaculture industry can better position the somewhat limited resources that it has.
